Polysaccharides have many roles across both the food and pharmaceutics 13 industries. They are commonly used to enhance viscosity, stabilise emulsions 14 and to add bulk to food products. In the pharmaceutics industry, they are also 15 utilised for their mucoadhesive nature. Mucoadhesive polysaccharides can 16 facilitate retention of active ingredients at mucosal sites for a prolonged time 17 and formulations can be designed to control their release and bioavailability. 18
or hydroxypropyl methylcellulose. Glucose, vanillin or a combination of both 23 was also added to the films to assess the effect of flavour release and 24 perception over time. The films were assessed for glucose release in vitro, 25 swelling and disintegration times, and mucoadhesive ability. Results show 26 that flavour release and perception depend on the polysaccharide matrix 27
properties; this includes how quickly the films dissolves, the rate of release of 28
Introduction 35
Flavour perception requires the release of taste and aroma compounds from 36 the food matrix and the subsequent transport of those compounds to the 37 respective receptors. This process is dependent on many factors including the 38 properties of the compound, the components of the food matrix constituents, 39 food structure, how it is manipulated in the mouth and the physiological 40 conditions of the mouth, nose and throat during consumption of the food. Factors such as charge of the flavour compound and other food constituents 62 will influence interactions between the two. For example, sodium is positively 63 charged and will therefore interact with negatively charged polysaccharides, 64 such as carboxymethyl cellulose, affecting the ions availability to elicit a salt 65 taste (Scherf et al., 2015) . Retention of flavour compounds in the matrix will 66 obviously decrease their perception, as they will not reach the respective 67 receptors to be perceived and risk being swallowed in the food bolus before 68 triggering perception. However, if the matrix also adheres to the oral mucosa 69 then fewer tastant molecules may be swallowed allowing for release of the 70 flavour over time. The only study investigating the effect of mucoadhesive polysaccharides on 135 flavour retention and perception was within an aqueous system. Also from our 136 group, our findings suggest that sodium ions are retained in the mouth for 137 longer when mucoadhesive polysaccharide is used as a thickener compared 138 to non-mucoadhesive matrices (S. L. Cook, Woods, et al., 2018) . This current 139 study is concerned with the effect of mucoadhesive polysaccharides on 140 flavour perception from a solid food system (films). Various food grade 141 polysaccharides that differ in their chemical and physical properties were used 142 to assess the effect on release, retention and perception of flavours from 143 polysaccharide films. 144
145
Polysaccharides were cast into films containing glucose and/or vanillin. 146
These were based on films usually made for pharmaceutical applications. The 147 mucoadhesive properties, swelling ratio, dissolution rate, film thickness, water 148 activity and temporal sensory perception were assessed. Whilst this study 149 takes those factors into consideration, a further interaction between the food 150 matrix and the oral anatomy, mucoadhesion, is investigated. The aim for this 151 study was to assess the differences in flavour release from different 152 polysaccharide matrices in a solid state. It was hypothesised that films made 153 with more viscous, slower dissolving polysaccharides will reduce the intensity 154 but prolong the perception of flavours over time. Furthermore, the 155 mucoadhesive properties of the matrices were assessed and related to 156 flavour delivery. This study, therefore, provides a foundation of understanding 157 of the mechanisms by which mucoadhesive ingredients can alter the 158 perception of flavour over time, which may help in the development of 159 reformulated products. 160 161
Methods 162

Materials 163
Four different polysaccharides were chosen for this study due to their differing 164 chemical properties (Table 1) Table 2 ). The solution (30g) was weighed into circular 186 petri dishes (90 mm) and placed in an oven at 65°C for 20 hours. Once the 187 films were dry they were removed from the petri dish and cut into squares 188 (approx. 1cm 2 ). Glucose containing films weighed 100 mg and the aroma only 189 films 30 mg. This was to ensure that each sample contained the same amount 190 of polysaccharide. The water activity (aw) of the films was measured after the 191 drying process using a HygroLab C1 Bench-Top Water Activity Monitor. 192 
Swelling and disintegration 206
Swelling studies were carried out in an incubator set to 37 °C. Each film was 207 placed on to netting and fully submerged in a petri dish with 40 mL of AS. At 208 set time periods the sample was removed from the AS, excess water was 209 carefully absorbed with tissue paper and the film on the netting was weighed. 210
This process was repeated until the weight had returned to that of the netting 211 alone. Each type of film was tested 6 times with duplicate batch repeats. 
In vitro mucoadhesion 228
Adhesion experiments were carried out using a texture analyser (TA) with a 229 10mm cylindrical probe (on a TA-XT plus, Stable Micro Systems, UK). Porcine 230 tongues were collected from a local butcher (P D Jennings, Hurst, UK) less 231 than 24 hours after slaughter. They were stored on ice whilst the majority of 232 muscle and connective tissue was removed leaving a thin section of the 233 surface mucosa. These sections were stored at -20°C until required when 234 they were thawed in the fridge for 3 hours before use. 235
236
Each area of the tongue was cut into 1 cm 2 sections and secured on the 237 bottom platform of the TA. The film sample to be tested was stuck to the 238 probe with double-sided sticky tape. Before each experiment, the tongue 239 tissue section was conditioned with 100μL of AS and incubated at 37°C. The 240 contact time between the probe and the tissue was 60 seconds before pulling 241 apart with a removal speed of 1mm/s. 242 243
In vivo retention 244
The study was given a favourable opinion for conduct by the University of 245
Reading, School of Chemistry, Food and Pharmacy (study number 27/15). 246
Five volunteers (3 males and 2 females, age range 23-30) were asked to 247 place a film sample on their tongue and keep it between the tongue and roof 248 of their mouth for the duration of the experiment. They were instructed to treat 249 the film like a hard candy with some manipulation by the tongue. The 250 experiment was timed and volunteers were asked to note the time (s) when 251 the film began to adhere, when the adherence ceased and when the film 252 dissolved. They were also asked where in the mouth the film adhered to. 253
Adherence was noted as an inability to move the film with their tongue. 254 255
Sensory perception 256
Time intensity; profiling involves trained sensory panellists continuously 257 recording the intensity of one or two attributes over a specified time. This 258 enables perception to be captured during consumption and can be 259 given to those who were not showing good reproducibility. The time intensity 281 test lasted for 5 minutes, which was the agreed amount of time that the 282 panellists could concentrate for without fatigue or boredom. The attributes 283 scored were sweet for glucose only films, vanilla for aroma only films and both 284 sweet and vanilla for the combined films. Panellists were also trained on how 285 to manipulate the sample in the mouth. They were asked to gently rub the film 286 between the tongue and roof of the mouth to facilitate flavour release. 287
release. 289 290
Each week the panellists were given a training session on the first day 291 followed by two days of scoring the samples. Four samples were served 292 monadically, in a petri dish, in a balanced order with individual blinding codes 293 each day with the duplicate being served on a consecutive scoring day. 294
Panellists were provided with isolated sensory booths, computers with 295
Compusense Software and warm water for palate cleansing. There was a 2-296 minute delay between samples to allow for palate cleansing. Time intensity 297 curves were produced for each panellist and each sample in duplicate. 298 299
Statistical analysis 300
One way or two way repeated measures ANOVA (rmANOVA) was used for 301 the appropriate test. Bonferroni or Tukey's HSD corrections were used on 302 pairwise analysis to account for multiple comparisons, at a significance level 303 of p≤ 0.05. 304 305 3. Results & Discussion 306
Film characteristics 307
A range of standard methods were used to characterise the polymeric films 308 thickness, water activity (aw), glucose release, and swelling / disintegration 310 times (Table 3) . 311 between the films with and without glucose. The order of film thickness was 314 HPMC>HCMC>LCMC>PUL. This is not surprising as HPMC and HCMC were 315 higher viscosity grades than LCMC and PUL and therefore will occupy more 316 space, retain more water and form thicker films. Glucose films were thicker 317 than those without glucose, which was expected, as the glucose was in 318 addition to the polysaccharides. The thickness of a film will impact the 319 dissolution rate as a thicker film will have a smaller surface area to volume 320 ratio and this can slow water uptake from the surrounding medium. This will 321 impact mucoadhesion as hydration of the dosage form is integral for polymer -322 mucin interactions to occur. 323 324 PUL and LCMC films fully dissolved after a similar time; however, LCMC films 325 swelled more before beginning to disintegrate (Table 3 & Figure S1 ). This is 326 because LCMC is more viscous than PUL (table 1) and possesses ionic 327 groups, which interact strongly with water molecules due to the higher osmotic 328 pressure induced by the high entropy of the counter-ions. LCMC and HCMC 329 films swelled considerably more than the non-ionic, PUL and HPMC films with 330 relation to their disintegration time. The carboxymethyl cellulose films 331 absorbed more water, forming a swollen gel-like layer, before beginning to 332 degrade. HCMC samples took the longest time to dissolve and swelled the 333 most due to their high viscosity. All films without glucose had higher swelling 334 ratios than their glucose containing counterparts and took longer to dissolve. 335 This is because the small, highly hydrophillic glucose molecules contained 336 within the film matrix will quickly dissolve into the surrounding medium, 337 leaving pores for the water molecules to enter, effectively increasing the 338 surface area of the film. 339
340
The glucose release from the films followed a similar pattern to the dissolution 341 rates. PUL and LCMC released glucose fully after 7.0 and 7.8 min 342
respectively, followed by HPMC (186 min) and then HCMC (300 min). HPMC 343 quickly released 50% of the total glucose in the film over a mean of 14 344 minutes. This fast initial release is most likely due to crystallisation of the 345 glucose molecules on the outside of the film. This was visually observed, as 346 these films were cloudy with a fine powder covering them. Furthermore, the 347 HPMC samples took a long time to fully dissolve, most likely due to the high 348 viscosity network it forms which will slow permeation of water molecules. 
HSD correction. 368
It was expected that changes in flavour perception over time would be 370 influenced by the parameters measured (Table 3) . For example, it was 371 hypothesised that PUL films would result in a high intensity flavour that 372 decreased in intensity quickly as they dissolved faster and released glucose 373 quickly. Conversely, it was expected that as the HCMC would slow the 374 release of glucose and aroma and therefore reduce the initial intensity of 375 flavour but prolong the sensation over time. The results gained from this study 376 are in concordance with the authors expectations. 377 378
Mucoadhesion in vitro 379
Two values were obtained from the TA experiments; the maximum force 380 required to separate the probe from the tongue (peak force of detachment) 381 and the area under the curve (total work of adhesion). The mean values for 382 peak force of attachment and total work of adhesion decreased in order of 383
LCMC, HCMC, PUL and HPMC for films without glucose and LCMC, PUL, 384
HCMC and HPMC for films with. In films both with and without glucose the 385 LCMC film was significantly more mucoadhesive than the HPMC film ( Figure  386 1a & b). The films without glucose required a significantly higher force to 387 separate the film from the tissue suggesting a stronger adhesive joint (Figure  388 1a). This is not surprising as the glucose content was high and therefore the 389 relative amount of polymer in contact with the tissue was smaller. The HPMC 390 films with glucose exerted the lowest total work of adhesion and peak force of 391 detachment (Figure 1 ). This is probably due to the non-ionic nature of HPMC 392 along with the large molecule size and slow swelling (Table 3 & Figure S1 ). 393
394
Mucoadhesion of solid polymeric substances is dependent on the hydration of 395 the formulation, which will create a polymeric mesh enabling the interactions 396 between polymer and mucin chains. The mucin used in the artificial saliva 397
were PGM purchased from Sigma-Aldrich, which is dehydrated and potentially 398 denatured due to production processes (Kocevar-Nared, Kristl, & Smid-399 may not be represented by this commercial mucin. Furthermore, an adhesive 401 joint is formed due to the viscous gel formed between the film and the moist 402 mucosal surface. However, over-hydration of the film will lead to a slippery 403 mucilage being formed and will result in an adhesive joint failure. The swelling 404 ability of a polymeric substance is important for establishing a mucoadhesive 405 bond as this enables polymer chains to be available to interact with the 406 mucosa. on top of the data point refer to the y axis and those to the right hand side 413 refer to the x axis. 414 415
Mucoadhesion in vivo 416
In vivo mucoadhesion experiments were carried out with 5 panellists that were 417 asked to record the following: where the film stuck, for how long and when it 418 dissolved. All films, except for HPMC with glucose, were reported to adhere 419 for the duration of the time that the film was in the mouth (Figure 2a & b) . 420
Adherence was mainly to the roof of the mouth but also the tongue. The time 421 that the films took to dissolve reflected the in vitro dissolution (Table 3) test. This is probably due to the participants manipulating the film with their 426 tongue during these experiments, thereby exerting mechanical stress on the 427 film. Therefore, as the HCMC swells and takes up water to produce a gel-like 428 layer, the tongue pressure will remove it and therefore speed up the time of 429 erosion. 430 
Glucose only films 478
Time intensity curves were averaged across all panellists and both replicates 479 (Table 4) where PUL was significantly higher than HCMC and higher for all 482 other films for Imax. This suggests a fast onset of intensity for PUL and LCMC, 483 which is supported by their larger incline angles compared to HPMC and 484 HCMC. Furthermore, PUL and LCMC decline angles were also larger than the 485 other two film types suggesting a quicker rate of decline. These results were 486 expected as in vitro results (Table 3) show that PUL and LCMC films were 487 faster dissolving and release glucose quicker than HPMC and HCMC films 488 (table 3) . Although the total duration of perception was not significantly 489 different between the films, there was a trend that HPMC and HCMC films 490 prolonged the flavour perception compared to PUL and LCMC (see "duration" 491 in table 4).
Regarding mucoadhesion, the HPMC films containing glucose were found to 494 have poor adhesive abilities (Figures 1 & 2) . In the perception experiments 495 panellists were asked not to swallow these films and, therefore, the perception 496 may have been artificially prolonged due to consciously keeping the film in the 497 mouth. During normal consumption in a real food system the material would 498 be chewed into a bolus and, without mucoadhesive ability, it may well be 499 swallowed with the food bolus thereby negating any further release. On the 500 other hand, HCMC films showed strong adhesion (Figures 1 & 2) and 501 therefore would be more likely to adhere to the oral cavity for longer, 502 prolonging the release. 503 504
Vanillin only films 505
For films containing the polysaccharide and vanillin the mean scores for Imax 506 decreased in order of PUL>LCMC>HPMC>HCMC (Table 4, Figure 3b) . 507
Where PUL was significantly higher than HCMC. Tmax and AUC were not 508 dependent on polysaccharide type. The duration of perception was longest in 509 the HPMC samples followed by HCMC. This suggests that although the total 510 intensity of perception was the same for each film, the aroma was delivered at 511 a slightly lower intensity for longer in the HPMC and HCMC samples. This is 512 supported by the decline angles being larger for PUL and LCMC samples 513 suggesting the intensity decreased more quickly in these films. 514
515
To date, the only studies investigating aroma release and perception in food 516 thickened with polysaccharides are in liquid and semi-solid foods. These 517 studies have found confounding results with regard to interactions between 518 aroma molecules and the food matrix. Arancibia et al. (2011) found that 519 thickener type affected total aroma release from dairy desserts with CMC 520 thickened samples reducing the cumulative release of hydrophobic aroma 521 (linalool) compared to starch. Furthermore, a follow up study by Arancibia, 522 Castro, Jublot, Costell, & Bayarri (2015) found that thickener type affected 523 both hydrophilic aroma (cis-3-hexen-1-ol) and hydrophobic (linalool) aroma. 524
The CMC thickened dairy desserts reduced the release of both aromas, 525 though it had more of an impact on the hydrophilic compound. Cook, Linforth, 526 et al., (2003) on the other hand found that in-nose measurements of 527 hydrophobic aroma release were not dependent on thickener type or on an 528 increase in viscosity. These studies exemplify the complex behaviour of 529 aroma release and its dependence on the food matrix. 530
531
In this current study, vanillin, a slightly hydrophobic molecule with a log P of 532 The AUC for the vanilla attribute did not significantly differ with the different 549 polysaccharides (Table 4 ). HPMC and HCMC had reduced Imax and increased 550
Tmax results compared to PUL and LCMC. The total duration of perception 551 was striking in these films with the HCMC averaging 53 seconds longer than 552 PUL. HPMC also increased the duration significantly compared to PUL and 553 LCMC. Although not statistically significant, LCMC followed the trend of 554 prolonging the perception compared to PUL. The incline angles for HPMC and 555 HCMC were, again, smaller than PUL and CMC suggesting a slower rate of 556
onset. 557 558
These results suggest that PUL films give a quick burst of flavour that 559 declines quickly. LCMC films are almost as quick to release as PUL but take 560 somewhat longer to reach Imax. HPMC has a slower onset to reach Imax and 561 the perception continues for longer than LCMC and PUL. Finally, HCMC films 562 have the slowest onset with a steady release over time. This is particularly 563 evident for the vanilla attribute, which prolongs the perception for longer than 564 the faster dissolving films. 565
566
Although from this perception data HPMC films appear to give a sustained, 567 medium level intensity of flavour, this formulation was not particularly 568 swallow the film and many suggested that this would have been possible if 571 they were eating normally. However, the other formulations were firmly 572 adhered to the roof or tongue tissue and would not be easily swallowed. 573 polysaccharides resulted in a quick burst of flavour at high intensity that 639 tapered more quickly whereas slow dissolving films gave a slower onset and a 640 more consistent release over time. The mucoadhesive ability of the films will 641 influence how long the matrix stays in the mouth whilst releasing the flavour 642 compounds before being swallowed. Furthermore, in line with previous 643 literature, this study shows that aroma intensity is dependent on the 644 perception of a congruent tastant, giving more evidence for cross modal 645
interactions. 646 647
The mucoadhesive nature of some of the polysaccharides tested will have an 648 effect on flavour delivery over time as those that adhere to the oral cavity will 649 continue to release flavour whilst those that are not mucoadhesive will be 650 swallowed. This study investigated flavour release from very simple food 651 matrices, polysaccharide films; of course in a real food there will be many 652 other food components that could affect flavour release. However, this study 653 provides some fundamental understanding of how different polysaccharide 654 matrices affect flavour release. Results from this study can be used to inform 655 the food industry of the impact that the addition of these polysaccharides can 656 have on temporal flavour perception. Possible applications include topical 657 coatings, confectionary, low fat and low sugar foods. However, there is a need 658 for further research into this area to understand the full impact on the 659 organoleptic properties of foods. 660
